Epibacterium ulvae gen. nov., sp. nov., epibiotic bacteria isolated from the surface of a marine alga Two Gram-reaction-negative, rod-shaped, motile bacteria, designated strains U82 and U95 T , were isolated from the marine alga Ulva australis collected at Sharks Point, Clovelly, a rocky intertidal zone near Sydney, Australia. Both strains were oxidase-and catalase-positive, formed brown-to black-pigmented colonies and required NaCl for growth. Phylogenetic analysis based on nearly complete 16S rRNA gene sequences revealed that these strains belong to the Roseobacter clade within the Alphaproteobacteria. The 16S rRNA genes of both strains were identical across the sequenced 1326 nt, but showed differences in the intergenic spacer region (ITS) between the 16S and the 23S rRNA genes. At the genomic level the DNA G+C contents of strains U82 and U95
, were isolated from the marine alga Ulva australis collected at Sharks Point, Clovelly, a rocky intertidal zone near Sydney, Australia. Both strains were oxidase-and catalase-positive, formed brown-to black-pigmented colonies and required NaCl for growth. Phylogenetic analysis based on nearly complete 16S rRNA gene sequences revealed that these strains belong to the Roseobacter clade within the Alphaproteobacteria. The 16S rRNA genes of both strains were identical across the sequenced 1326 nt, but showed differences in the intergenic spacer region (ITS) between the 16S and the 23S rRNA genes. At the genomic level the DNA G+C contents of strains U82 and U95
T were identical (52.6 mol%) and they had a DNA-DNA hybridization value of 83.7 %, suggesting that these strains belong to the same species. The closest described phylogenetic neighbour to strains U82 and U95 T was Thalassobius aestuarii DSM 15283 T with 95.8 % 16S rRNA gene sequence similarity. Other close relatives include further species of the genera Thalassobius and Shimia. Strains U82 and U95 T were negative for bacteriochlorophyll a production, showed antibacterial activity towards other marine bacteria, were resistant to the antibiotics gentamicin and spectinomycin and were unable to hydrolyse starch or gelatin. The major fatty acids (.1 %) were 18 : 1v7c, 16 : 0, 18 : 2, 10 : 0 3-OH, 12 : 0, 20 : 1 2-OH and 18 : 0. The polar lipid pattern indicated the presence of phosphatidylglycerol, phosphatidylcholine, two unidentified aminolipids and four unidentified phospholipids. Both strains produced ubiquinone 10 (Q-10) as the sole respiratory lipoquinone. Based on their phenotypic and phylogenetic characteristics, it is suggested that strains U82 and U95 T are members of a novel species within a new genus for which the name Epibacterium ulvae gen. nov., sp. nov. is proposed. The type strain of the type species is U95 T (5DSM 24752
Several recent studies indicate that marine eukaryotes harbour a unique diversity of associated micro-organisms that are specifically adapted to their host (Burke et al., 2011; Egan et al., 2008; Rosenberg et al., 2007; Webster & Taylor, 2012) . Bacteria belonging to the Roseobacter clade often exist as epibionts and are among the first and most successful surface colonizers (Slightom & Buchan, 2009 ). Members of the Roseobacter clade are a physiologically heterogeneous group of organisms that form a coherent cluster within the family Rhodobacteraceae (class Alphaproteobacteria). Furthermore, members of the Roseobacter clade are abundant in many marine environments and represent up to 25 % of the total bacterial community (Buchan et al., 2005; WagnerDöbler & Biebl, 2006) and the great majority are of marine origin (Brinkhoff et al., 2008) . This fact is reflected by their absolute requirement of sodium ions. Among the ecologically relevant traits of this clade are the ability to use a multitude of organic compounds, sulfur oxidation, aerobic anoxygenic photosynthesis, oxidation of carbon monoxide, dimethylsulfoniopropionate demethylation and the production of secondary metabolites (Brinkhoff et al., 2004 (Brinkhoff et al., , 2008 Martens et al., 2007; Moran et al., 2007) . We isolated two closely related strains (U82 and U95 T ) affiliated to members of the Roseobacter clade from the marine alga Ulva australis. These strains were of initial interest due to their ability to inhibit growth of other marine bacteria, through production of an as yet unknown antibacterial compound (Penesyan et al., 2009) . Based on 16S rRNA gene sequence similarity the closest described species to strains U82 and U95
T is Thalassobius aestuarii. Here we describe the phylogenetic and physiological traits of strains U82 and U95
T and propose them as members of a novel species within a new genus.
Bacterial isolates were obtained from the surface of the marine alga Ulva australis as described by Penesyan et al. (2009) . The alga was collected at Sharks Point, Clovelly, a rocky intertidal zone on the east coast of Australia near Sydney (33 u 519 090 S, 151 u 169 000 E). Algal specimens were rinsed three times with sterile seawater to remove planktonic and loosely attached micro-organisms. Five grams of algal tissue was placed in a sterile Falcon tube and 10 ml of sterile seawater was added, followed by 5 min of vortexing to detach the surface-associated bacteria. The seawater containing the epiphytic bacteria was serially diluted and spread over the surface of Petri dishes, containing marine agar (MA) medium [37.4 g marine broth (MB) l
21
; DB Difco 2216] containing 15 g agar l 21 . Plates were incubated at 25 uC for 48 h. Individual colonies were picked and streaked several times onto fresh media until pure cultures were obtained.
Cellular morphology was observed with cells from the exponential phase grown in MB. For transmission electron microscopy, copper grids (100 mesh; Plano) were put on 50 ml cell suspension for 2 min and negatively stained with 50 ml 2 % (w/v) uranylacetate for 1 min. Afterwards the grids were washed twice with H 2 O (5 Prime). After airdrying overnight, the copper grids were examined by transmission electron microscopy (Zeiss EM 902A). Motility was evaluated via phase-contrast microscopy using cells grown on MA. The Gram-test was performed according to Gregersen (1978) .
To determine the ability of strains to utilize various carbon sources, seawater medium (SWM; Zech et al., 2009) was supplemented with different carbon sources as described below. Growth was determined by an increase in optical density measured at a wavelength of 600 nm (OD 600 ). The following carbon sources were added to the medium in a final concentration of 0.1 %: After reaching the late exponential phase, cells were washed twice in SWM to remove traces of glucose, resuspended in SWM and 15 ml was used to inoculate 5 ml of fresh SWM media supplemented with a carbon source of interest. Medium with a carbon source but without cells was used as a negative control. As a control for growth on stored nutrients medium without a carbon source was inoculated as described above. All cultures were grown at 20 u C in the dark. Growth was determined by measuring OD 600 daily for at least 14 days.
Utilization of the amino acids
L-threonine, L-tryptophan, L-tyrosine and L-valine (1 mM final concentration) was tested by growing the strains in SWM without additional organic carbon sources at 20 u C for at least 1 week. Growth was monitored daily and determined by an increase in OD 600 .
Exoenzyme activities (hydrolysis of gelatin and starch) were assessed with marine broth (BD Difco 2216) medium supplemented with 3 % (w/v) gelatin or MA with 0.2 % (w/v) starch, based on the methods given in Smibert & Krieg (1994) .
Oxidase and catalase reactions were determined according to the methods described by Kovacs (1956) and Smibert & Krieg (1994) , respectively.
Growth at various pH values was tested by growing both isolates in pH-adjusted MB medium at 25 uC. The pH of the medium was adjusted using sterile HCl and NaOH solutions. The tested range of pH was 4-11 in increments of 1. Growth at various salinities was tested in Vaatanen nine salt solution (VNSS) (Marden et al., 1985) by varying the concentration of NaCl at 0.5 %, 1 % and up to 17 % in increments of 1 %. Growth at various temperatures was tested in MB ranging from 4 to 44 u C in increments of 2 u C.
For the following analyses biomass of strains U82 and U95 T was obtained from cells cultivated in MB medium at 20 u C and harvested in the late exponential growth phase. Respiratory lipoquinones and polar lipids were extracted from 100 mg freeze-dried cells using the method described by Tindall (1990) . Respiratory lipoquinones were separated into their structural classes (menaquinones, ubiquinones, etc.) by TLC. Bands were eluted and further separated and identified by HPLC, using an RP 18 column (Tindall, 1996) . Polar lipids were separated by two-dimensional chromatography and identified on the basis of their R f values in combination with their reaction with specific staining reagents (Tindall, 1990) . Fatty acid methyl esters were released from 20 mg freeze-dried cells using methodologies that release only ester-linked fatty acids (M1) or ester-and amide-linked fatty acids (M2) (see Labrenz et al., 1998; Strömpl et al., 1999) . Initial identification relied on the use of the MIDI Sherlock system (version 6.1), with fatty acids being initially identified against the TSBA4 database. Where peaks were not identified by the MIDI Sherlock system peaks were identified using GC-MS.
The DNA G+C content of cells of strains U82 and U95 T was determined by extracting genomic DNA according to Cashion et al. (1977) and subsequent determination of deoxyribonucleosides by HPLC (Mesbah et al., 1989; Tamaoka & Komagata, 1984) .
The 16S rRNA genes of both strains were amplified and sequenced according to Brinkhoff & Muyzer (1997) . To determine their phylogenetically closest relatives the sequences were compared with 16S rRNA gene sequences available in GenBank using a BLASTN search (Altschul et al., 1990) . Phylogenetic inferences were calculated using the ARB software package available at www.arb-home.de (Ludwig et al., 2004) .
The ITS region was amplified using primers 1492F (59-AAGTCGTAACAAGGTARCCGTA-39), which targets the end of the 16S rRNA gene, and 189R (59-TACT-TAGATGTTTCAGTTC-39) (Hunt et al., 2006) , which targets the 23S rRNA gene. The primer concentration used was 20 pmol ml 21 each. The reaction mixture for amplification of the ITS region was held at 95 u C for 5 min, followed by 35 cycles of amplification at 95 u C for 1 min, 43 u C with 6 % ramp for 1 min and 72 u C for 3 min, with a final elongation step at 72 u C for 10 min. PCR products were purified using the peqGOLD Cycle-Pure kit (peqlab Biotechnologie GmbH). Purified fragments were sequenced at GATC Biotech (Konstanz, Germany) using the same primers as used for the PCR. The ITS regions were reviewed for tRNAs using tRNAscan-SE (Schattner et al., 2005) .
To further assess the similarity between isolates U82 and U95
T , a DNA-DNA hybridization experiment was performed. Briefly, cells were disrupted by using a French press (Thermo Spectronic) and the DNA in the crude lysate was purified by chromatography on hydroxyapatite as described by Cashion et al. (1977) . DNA-DNA hybridization was carried out as described by De Ley et al. (1970) with the modifications described by Huss et al. (1983) using a model Cary 100 Bio UV/Vis spectrophotometer equipped with a Peltier-thermostatted 666 multicell changer and a temperature controller with in-situ temperature probe (Varian).
Since many members of the Roseobacter clade are capable of aerobic anoxygenic photosynthesis (Brinkhoff et al., 2008; Moran et al., 2007; Wagner-Döbler & Biebl, 2006) , strains U82 and U95
T were tested for their ability to produce bacteriochlorophyll a by measuring the absorption spectra of corresponding extracts and PCR amplification of fragments of the pufM gene coding for the subunits of the reaction centre of bacteriochlorophyll a. Cells grown in the dark were centrifuged for 10 min at 10 000 r.p.m. Extraction of cells was performed using an acetone/ methanol mixture (7 : 2; v/v) as described by Clayton (1966) . Spectrophotometric measurements were done in the range 200-950 nm using a UV/Vis spectrophotometer (Beckmann DU 520). Roseobacter denitrificans was used as positive control. Primer sets pufM_uniF and pufM_uniR (Yutin et al., 2005) and pufLF and pufMR (Béjà et al., 2002) were used to amplify fragments of the pufM gene. The reaction mixture for pufLF/pufMR was held at 94 u C for 5 min, followed by 35 cycles of amplification at 94 u C for 1 min, 55 u C for 1 min and 72 u C for 1 min, with a final step at 72 u C for 10 min. The reaction mixture for pufM_uniF/pufM_uniR was held at 94 u C for 3 min, followed by 36 cycles of amplification at 94 u C for 30 s, 50 u C for 45 s and 72 u C for 30 s, with a final step at 72 u C for 10 min.
PFGE was used to assess whether isolates U82 and U95 T harbour plasmids. Briefly, cells were grown in 15 ml MB medium and incubated at 20 u C in the dark until the optical density (OD 600 ) of the cultures reached 0.5. Further preparation of the strains and pouring of agarose plugs was done according to Bautsch (1992) . Each sample was loaded onto a 1 % agarose gel, along with a DNA marker (Low Range PFG Marker; NEB), and the PFGE was run for 24 h at 14 u C (angle: 110-120 u ; voltage: 160-170 V; pulse interval: 5-25 s).
Both isolates were tested for antibiotic susceptibility by growing them in the presence of various antibiotics, including ampicillin, chloramphenicol, gentamicin, spectinomycin and tetracyclin. Briefly, 100 ml liquid culture of each isolate was spread over a Petri dish containing MA medium. Ten microlitres of a 100 mM solution of each antibiotic was dropped onto separate antibiotic test discs (Rotilabo, 6 mm; Roth), after which the discs were placed on the Petri dish. Incubation was done at 20 u C in the dark for 5 days and plates were inspected daily.
Strains U82 and U95
T formed convex, brown to darkbrown or black colonies when grown on MA medium. Older single colonies showed an un-pigmented halo around a dark pigmented spot in the centre of the colony. Lack of pigment production was observed for both isolates when grown as bacterial lawns.
Results of the physiological tests demonstrated that strains U82 and U95
T require Na + for growth, with growth occurring between 1 and 6 % NaCl. Optimal growth was observed between 2 and 3 % NaCl. Both strains were capable of growth in the pH range 6-9, with an optimum between pH 7 and 8. Strains U82 and U95
T grew in the temperature range 12-34 u C, with an optimal growth temperature between 24 and 26 u C.
Carbon utilization profiles for strains U82 and U95
T were very similar. Cell growth was supported by a variety of carbon sources, which are listed in the species description. On the gelatinase test plate no liquefaction was observed, indicating that both strains are negative for gelatinase activity. The starch test plates showed no colourless area around the colonies after flooding the plate with iodine solution, indicating that both strains are negative for starch hydrolysis. Strains U82 and U95
T both tested Gramnegative.
The sole respiratory lipoquinone produced by strains U82 and U95
T was ubiquinone 10 (Q-10). The fatty acids were dominated by 18 : 1v7c, a typical feature for the majority of members of the class Alphaproteobacteria; other fatty acids (.1 %) were 16 : 0, 18 : 2, 10 : 0 3-OH, 12 : 0, 20 : 1 2-OH and 18 : 0 (Table 1) . The polar lipids found in both strains were phosphatidylglycerol, phosphatidylcholine, two unidentified aminolipids and four unidentified phospholipids ( Fig. S1 available in IJSEM Online).
Alignment of the nearly complete 16S rRNA genes of both isolates showed that these sequences were identical within the sequenced part of 1326 bp. The DNA G+C content of Strains: 1, U82 (data from this study); 2, U95 T (this study) 3, T. aestuarii JC2049 T (Yi & Chun, 2006) ; 4, T. gelatinovorus IAM 12617 T (Yi & Chun, 2006; Arahal et al., 2005; Uchino et al., 1998; Rüger and Höfle, 1992) ; 5, T. mediterraneus XSM19 T (Yi & Chun, 2006; Arahal et al., 2005) ; 6, T. maritimus GSW-M6 T (Park et al., 2012) ; 7, Shimia marina CL-TA03 T (Choi & Cho, 2006) ; 8, S.
isoporae SW6 T (Chen et al., 2011) . +, Positive; 2, negative; (+), weak growth; ND, not determined, tr, trace. (optimum) 1-6 (2-3) 1-6 (2-3) 1-7 (2) Required 1.4-8 0-7 (2) 3-7 1-5 (3-4) pH range (optimum) 6-9 (7-8) 6-9 (7-8) 6-11 (7) ND ND 6-8 (7-8) 6-10 7-11 (7-8) strains U82 and U95 T was determined as 52.6 mol% for both strains. DNA-DNA hybridization revealed 83.7 % relatedness between the two isolates, indicating that they belong to the same species (Wayne et al., 1987) . Differences, however, were found in the 16S-23S rRNA ITS region (GenBank/EMBL/DDBJ accession nos JN935020 and JN935022). The ITS region of strain U82 was found to be 22 nt longer than that of strain U95 T . Within the ITS region both strains harbour the tRNAs for alanine and isoleucine. The 16S rRNA gene sequences obtained were used for a subsequent BLAST search against the GenBank database. The results clearly indicated that both strains are members of the Roseobacter clade, within the family Rhodobacteraceae. The closest relative found was Thalassobius aestuarii DSM 15283 T with 95.8 % sequence identity. Phylogenetic analysis revealed, however, that both isolates cluster with Shimia spp. (95.6 % sequence identity to Shimia marina JCM 13038 T ) rather than Thalassobius spp. (Fig. 1) .
Bacteriochlorophyll a was not detected in extracts of isolates U82 and U95
T and no PCR products were obtained using primers specific for pufM genes. Unlike some species of Thalassobius, such as T. aestuarii and Thalassobius mediterraneus, strains U82 and U95
T were found to be motile by means of a single flagellum (Fig. S2) . As demonstrated by PFGE, isolate U82 harbours at least three plasmids, and U95
T at least eight plasmids (Fig. S3 ).
Antibiotic susceptibility tests revealed that both isolates were sensitive to ampicillin, chloramphenicol and tetracycline. Both isolates were resistant to gentamicin and spectinomycin.
Phenotypic characteristics that differentiate strains U82 and U95 T from members of the genera Thalassobius and Shimia (Arahal et al., 2005; Rüger & Höfle, 1992; Yi & Chun, 2006) are listed in Table 2 . Based on the data presented we suggest that strains U82 and U95
T represent a single novel species of a new genus, for which the name Epibacterium ulvae gen. nov., sp. nov. is proposed.
Description of Epibacterium gen. nov.
Epibacterium (E.pi.bac.te9ri.um. Gr. pref. epi-on; L. neut. n. bacterium a small rod or staff; N.L. neut. n. Epibacterium rod on a surface).
Gram-reaction-negative, aerobic, oxidase-and catalasepositive, rod-shaped bacteria. Sodium ions are essential for growth. The major fatty acids (.1 %) are 18 : 1v7c, 16 : 0, 18 : 2, 10 : 0 3-OH, 12 : 0, 20 : 1 2-OH, 16 : 0 2-OH, 12 : 0 3-OH and 18 : 0. The 12 : 0 3-OH fatty acid is amide linked. The polar lipid pattern indicates the presence of phosphatidylglycerol, phosphatidylcholine, two unidentified aminolipids and four unidentified phospholipids. The sole respiratory lipoquinone produced is ubiquinone 10 (Q-10). On the basis of 16S rRNA gene sequence analysis, the genus represents a separate branch within the class Alphaproteobacteria, closely related to members of the genera Thalassobius and Shimia. The type species is Epibacterium ulvae.
Description of Epibacterium ulvae sp. nov.
Epibacterium ulvae (ul9va.e. N.L. gen. n. ulvae of/from Ulva, isolated from a marine alga Ulva australis).
In addition to the characteristics given in the genus description, the species is characterized as follows. Cells are motile by means of a single flagellum and are 0.4-0.6 mm wide and 2-3 mm long. Forms brown to dark-brown or black colonies when grown on MA medium, which reach a diameter of up to 1-3 mm. Growth occurs at 1-6 % NaCl and is optimal at 2-3 % NaCl. Can grow at pH 6-9, with an optimum at pH 7-8. Sensitive to ampicillin, chloramphenicol and tetracycline, but resistant to gentamicin and spectinomycin. Does not produce bacteriochlorophyll a.
The type strain, U95
T (5DSM 24752 T 5LMG 26464 T ), and strain U82 (5DSM 247535LMG 26463) were isolated from the marine seaweed Ulva australis collected at Sharks Point, Clovelly, a rocky intertidal zone near Sydney, Australia. The DNA G+C content of both strains is 52.6 mol%.
